This case study examined the nutritional behavior and energy balance in an official finisher of a 24-hour ultracycling race. The food and beverages consumed by the cyclist were continuously weighed and recorded to estimate intake of energy, macronutrients, sodium, and caffeine. In addition, during the race, heart rate was continuously monitored. Energy expenditure was assessed using a heart rate-oxygen uptake regression equation obtained previously from a laboratory test. The athlete (39 years, 175.6 cm, 84.2 kg, maximum oxygen uptake, 64 mL/kg/min) cycled during 22 h 22 min, in which he completed 557.3 km with 8760 m of altitude at an average speed of 25.1 km/h. The average heart rate was 131 beats/min. Carbohydrates were the main macronutrient intake (1102 g, 13.1 g/kg); however, intake was below current recommendations. The consumption of protein and fat was 86 g and 91 g, respectively. He ingested 20.7 L (862 mL/h) of fluids, with sport drinks the main fluid used for hydration. Sodium concentration in relation to total fluid intake was 34.0 mmol/L. Caffeine consumption over the race was 231 mg (2.7 mg/kg). During the race, he expended 15,533 kcal. Total energy intake was 5571 kcal, with 4058 (73%) and 1513 (27%) kcal derived from solids and fluids, respectively. The energy balance resulted in an energy deficit of 9915 kcal. U ltraendurance competitions are held as solo events in an attempt to challenge the limits of human endurance. Th ese events are defi ned as an endurance performance of more than 6 hours (1). Careful race preparation is mandatory for all competitors, and the successful accomplishment of such a race depends on many factors, among which nutrition is one of the most important. Adequate nutritional intake is important not only to maintain or improve performance but also to avoid disturbances in the athletes' health. Several studies have reported on the nutritional behavior and demands of cyclists during ultraendurance competitions of several days, such as the Race Across America (2, 3). However, only one case study published in the 1980s has examined the nutritional demands and nutritional behavior of cyclists during events lasting for 24 hours (4). Th e popularity of these competitions during the past few years has become evident, and with the increase in the number of competitions, information is needed on the nutritional demands in these events (5). Accordingly, the aim of this case study was to describe the nutritional behavior (ingestion of macronutrients, fl uids, sodium, and caff eine) and to assess the energy balance of one cyclist during a 24-hour ultracycling race.
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METHODS

Participant and race
Th e physical and physiological characteristics of the cyclist are shown in Table 1 . Before testing, the participant was informed of the risks associated with the study and provided written informed consent in accordance with the local ethical committee.
Th e race consisted of completing the greatest possible distance during 24 hours (from 7:00 pm on July 3, 2009, through indicates maximum oxygen uptake; W max , maximum power output relative to body mass in watts; HR max , maximum heart rate; VT HR, heart rate at ventilatory threshold; RCP HR, heart rate at respiratory compensation point.
7:00 pm on July 4) on a closed-road circuit that was 3790 m in length and 60 m of elevation per lap. Th e time and velocity to complete each lap was recorded. During the race, the ambient air temperature was 27.5ºC (range, 24.6-31.0); the relative humidity, 53.9% (range, 33.0-72.0); and the mean velocity of wind, 1.7 m/s (range, 0.6-3.0).
Preliminary testing
One week before the competition, the athlete reported to a physiology laboratory under controlled conditions (22 ± 1ºC, 40%-60% relative humidity, 760-770 mm Hg) to perform an incremental maximum oxygen uptake (VO 2max ) test. Th e test was performed on an electronically braked cycle ergometer (Excalibur Sport, Lode, Th e Netherlands) modifi ed with clipon pedals. Th e exercise protocol started at 25 watts and was increased 25 watts every minute until exhaustion. Th e number of revolutions was individually chosen in the range of 70 to 100 revolutions per minute. During the test, the respiratory response was measured, breath by breath, using a computerized gas analyzer (Cosmed Quark PFT Ergo, Italy). Before the test, the ambient condition was measured and the gas analyzers and inspiratory fl owmeter were calibrated using high-precision calibration gases (16.00 ± 0.01% O 2 and 5.00 ± 0.01% CO 2 ; Scott Medical Products, USA). After the test, all respiratory data were averaged at 30-second intervals to determine VO 2max , taken as the highest average value. In addition, heart rate (HR) was continuously recorded using a portable HR monitor (Polar RS800 SD, Finland). HR max was defi ned as the HR at the point of exhaustion.
Data collection during the race
Within the circuit, all the athletes had a box where they could stop during racing to recover, sleep, eat, and repair bicycle breakdowns. In the other points of the circuit, riders could not receive any assistance. Nutritional data were collected by four trained investigators who remained in the box of the rider, weighing and recording all the food and fl uid ingested. Nutritional data were analyzed for nutrient composition using nutritional software (CESNID 1.0, Barcelona University, Spain). Information about the nutritional content of foods not available in the computer program was obtained from the manufacturer. All the food was weighed on a digital scale (Soehnle 8020, Spain) with a precision of 1 g increments up to 1 kg and 2 g between 1 and 2 kg. We divided the input of energy derived from solid and liquid food, classifi ed as products that did not need mastication.
In addition, during the competition, HR was continuously monitored, beat by beat, using a portable HR monitor (Polar RS800 SD, Finland) that was properly programmed with gender, age, and weight following the manufacturer's instruction. Later, all HR data were averaged at 10-second intervals. Th e linear relationship between HR and VO 2 obtained during the laboratory test was used to estimate the oxygen costs and energy expenditure of racing (r 2 = 0.988). Taking the average of HR during the competition and the maximal HR obtained during the laboratory test, we calculated the ratio of HR mean /HR max .
RESULTS
Th e cyclist successfully completed the race, cycling for 22 h 22 min, in which he completed 557.3 km with 8760 m of altitude at an average speed of 25.1 km/h, fi nishing in third place. He reported no gastrointestinal disturbances during the race. Th e average HR during the event was 131 beats/min, with a ratio of HR mean /HR max of 0.69. He made a total of seven stops lasting 1 h 38 min. During the race, he expended 15,533 kcal of energy, corresponding to 647 kcal/hour.
As shown in Table 2 , during the event, solid foods provided 73% (4058 kcal) of the total energy, and the remaining 27% (1513 kcal) was provided by fl uids such as sport drinks. Carbohydrates were the main macronutrient he ingested (1102 g; 13.1 g/kg). Overall consumption of fl uids and sodium during the event was 20.7 L (862 mL/h) and 16,182 mg (34.0 mmol/L), respectively. Fluids comprised 86% (13,878 mg) of the total sodium intake, and solids comprised 14% (2355 mg). During the second half of the event (7-19 h), the cyclist increased consumption of caff einated drinks, with total caffeine intake of 231 mg (2.7 mg/kg); consumed low amounts of branched chain amino acids in pill form during the rest periods; and ingested one ibuprofen pill after 9 h of competition and two aspirin pills at 18 h.
After the event, the athlete lost 2.6 kg of total body mass (prerace, 84.2 kg; postrace, 81.6 kg). A total defi ciency of 9915 kcal resulted after the race, so that a higher proportion (64%) of energy was obtained from endogenous fuel stores.
DISCUSSION
Th e main fi nding of this study was the high energy defi cit of this cyclist. He ingested only 36% of the energy expended through the event, thus providing the remaining 64% of the energy from endogenous fuel stores. To the best of our knowledge, these data represent the highest energy defi cit reported in ultraendurance events of 24 hours or longer. Previous studies showed an energy intake and expenditure ratio between 0.50 and 0.65 (2, 4, 6) .
However, it is worth mentioning that the method used in this study to estimate energy expenditure (relationship between HR and VO 2 ) has several limitations. For instance, during longer events, HR can be infl uenced by environmental conditions such as temperature and humidity, which can favor dehydration and an increase of HR without associated changes in VO 2 (7) . Currently, the method of doubly labeled water is considered the reference method to estimate energy expenditure. Another feasible method to estimate energy expenditure in cycling is the analysis of power output (8) . However, neither of these methods was at our disposal during the current study. For this reason and similar to other recent studies (6, 9-11), we estimated energy expenditure using the HR-VO 2 method. Compared with the doubly labeled water method, this method is inexpensive and easy to perform. Additionally, monitoring of HR also provides information on the amount of time spent at diff erent levels of exercise intensity, which may also be useful for the assessment of physical activity rather than energy expenditure. Furthermore, it has been reported that energy expenditure estimated using the HR method compared with the method of doubly labeled water is overestimated by ~10% (12). If we accounted for this by reducing the energy expenditure estimated in this study by 10%, the energy defi cit would be decreased only 4%, from 64% to 60%. Th erefore, although the doubly labeled water method could be used under fi eld conditions, the high cost and the inability to obtain an activity pattern does not always make it ideal.
Based on the athlete's average intensity of 69% HR max , it is estimated that approximately two thirds of the total energy required was met by fat oxidation, with carbohydrate oxidation providing one third (13) . However, fat oxidation is not a limitation for providing fuel during longer events (13, 14) . Th e estimation of anthropometric characteristics in the current athlete indicated that he had ~9.8 kg of subcutaneous adipose tissue that could provide >88,000 kcal. Based on that, the athlete should consume a high amount of carbohydrates during the event due to his limited glycogen stores (13) . Th e recommended amount of carbohydrate intake to optimize the oxidation rates has been reported to be between 1.0 and 1.2 g/min (15) . Th e current athlete ingested amounts of carbohydrates below these recommendations during threequarters of the event; only during the last 6 h, when fatigue symptoms were more pronounced and the glycogen stores were possibly depleted, did he meet the carbohydrate consumption threshold of >1.0 g/min.
Additionally, although protein is not considered a primary energy source for athletes, it has been suggested to play an important role during longer events. An adequate ratio of carbohydrate/protein may reduce a negative protein balance (16, 17) and may enhance aerobic endurance performance (18). An optimal rate (g) between carbohydrate and protein intake seems to be 4:1 (18) . Applying these recommendations in the present case study, and assuming that the athlete had ingested the recommended carbohydrate rate (~1.1 g/min), protein intake would have had to have been ~400 g (4.7 g/kg of body mass), representing more than threefold the actual amount of protein intake by the cyclist during the event. Accordingly, this amount of protein seems to be excessive and, independent of the supposed benefi ts of carbohydrate and protein combination, it should also be taken into account that protein intake is associated with greater satiety and a reduced ad libitum energy intake in humans. Th us, higher protein consumption during longer events can be associated with a reduction of food intake, as well as an increase of the risk of gastrointestinal disturbances.
Further studies are needed to analyze whether an increase of protein intake above the current recommendations (1.2 -1.7 g/ kg of body mass/day) may induce benefi ts in longer and highintensity sport events. Furthermore, the hydration pattern is one of the nutritional keys in ultraendurance events. While the current athlete ingested the high amount of 20.7 L of fl uids during the race, the hydration strategy was not in agreement with current recommendations (19, 20) . He should have prioritized the consumption of isotonic fl uids containing carbohydrates (sucrose, maltose, or maltodextrins) at ~3% to ~8% weight/volume during the race (21) . Th us, the strategy of hydration followed by the cyclist substantially reduced the amount of carbohydrate intake. If he had prioritized the consumption of isotonic fl uids (7% of carbohydrates), he would have obtained ~900 g extra carbohydrates, reaching values within the carbohydrate recommendations for longer events (15) .
Related to the hydration pattern, one of the most common medical complications during long-distance events is exerciseassociated hyponatremia (22) , defi ned as a serum plasma or sodium concentration <135 mmol/L -1 . To prevent exerciseassociated hyponatremia, the athlete ingested higher amounts of sodium, mainly during the second half of the event when the environmental conditions were harsher. Nevertheless, although some hydration guidelines recommend consuming fl uids with a high content of sodium (30-50 mmol/L) (21), currently there is insuffi cient evidence to determine whether sodium intake prevents or decreases the risk of exercise-associated hyponatremia (23) . On the contrary, some risks of excessive sodium supplementation in combination with overhydration have been documented (24) . Th ere are at least two ways to reduce the risk of excessive fl uid retention: 1) drink only according to thirst and 2) monitor body weight so as to avoid weight gain during exercise. In the present study, the cyclist showed no weight gain; he lost 2.6 kg of body mass over the race. However, in ultraendurance events such as an Ironman triathlon, it has been reported that part of fl uid losses, at least 2 kg, could be derived from reduction of fat stores, skeletal muscle mass, glycogen, and the metabolic water stored in glycogen (25, 26) .
In conclusion, this case study shows one of the highest energy defi cits in the scientifi c sports literature. To minimize the energy defi cit, athletes should receive nutritional training before the event so that the digestive system can adapt to higher amounts of food and fl uids while physical exercise is performed. In addition, they should begin the event with their meals and fl uids planned and prepared beforehand according to their preferences. Th e present fi ndings highlight the importance of the support provided by sports dieticians and sports physiologists in helping athletes plan and monitor their food and fl uid intake during longer events.
